A cationic cyclopentannelation reaction has afforded a very simple route to a wide variety of methylenomycin analogs. The antibacterial activity of these readily accessible synthetic compounds parallels that of naturally occurring methylenomycin A. The in vitro antitumor activity of the synthetics assayed using human nasopharyngeal carcinoma (KB) cells is particularly promising.
The accidental discovery in our laboratory of a rapid cationic ring closure reaction has made a number of functionalized methylene cyclopentenones of general structure 1 readily available.') The obvious similarity between 1 and the methylenomycin antibiotics (Chart 1) suggested very strongly that antibiotic activity would be associated with the synthetic cyclopentenones which were produced during our study of the reaction. Methylenomycin B has been prepared a number of times through total synthesis 2-121 as have methylenomycin A and deepoxy-4,5-didehydromethylenomycin A,13-16 however, all the synthetic routes have been long and consequently impractical for the preparation of multigram quantities of material. The cationic route to compounds of general structure 1 is extremely efficient. The efficiency of the new method was demonstrated by preparing methylenomycin B in two steps (Chart 2). a-Lithio-a-methoxymethylallene1fl-21) was added to 3-methyl-3-buten-2-one (2) in 91 yield. Cyclization of 3 with anhydrous ferric chloride in dichloromethane221 produced methylenomycin B in 48% yield. Methylenomycin B which was used for direct comparison of biological ac- tivity of the natural products with that of the synthetic cyclopentenones, was unavailable from the natural source*, so that nearly a gram of the natural product was prepared according to Chart 2.
Biological Properties
The in vitro antimicrobial activities of nine synthetic products and of methylenomycins A and B toward representative bacteria, yeasts, and filamentous fungi have been listed in Table 1 . Cyclopentenone 12 was the least active of the synthetics whereas 5, 6, and 7 were the most active. The antibacterial activity of these compounds compares favorably with that of the naturally occurring methylenomycins. The attenuation of antimicrobial activity noted for 11 may well be a result of diminished water solubility and thus reduced availability compared to the other compounds listed.
None of the compounds tested had any appreciable antimycotic activity.
Cytotoxicity of the cyclopentenones was determined in cultures of human nasopharyngeal carcinoma (KB) cells ( Table 2 ). The progressive increase in cytotoxicity of compounds 6, 5, and 7, in which activity increases with an increase in the length of the carbon chain of the aliphatic groups, was suggestive of a solubility effect, possibly involving intercalation into cellular membranes. In contrast, HANEISHI et al.,23' in assessing structure activity relationships in modified methylenomycins, found antifungal activity to decrease with an increase in aliphatic carbon chain length, which suggests that cytotoxicity and antifungal activity are the results of different cellular effects.
Methylenomycins A and B have little cytotoxicity and low in vivo toxicity, as with the related cyclopentane antibiotic sarkomycin, which has both antimicrobial and antitumor activity.24-28' Sarkomycin, which acts by inhibition of DNase, typically requires doses in excess of 100 yg/ml to obtain observable cytological effects.") Experimental 1H NMR spectra were recorded at 300 MHz on a Nicolet spectrometer equipped with an Oxford magnet. 13C NMR spectra were recorded on the same instrument at 75 MHz. IR spectra were recorded on a Beckmann IR 10 or on a Nicolet SMX FT spectrometer. Electron impact mass spectra were recorded on a Varian MAT-311 spectrometer.
2,3-Dimethyl-3-hydroxy-4-methoxymethyl-1,4,5-hexatriene (3) A solution of 4 mmol of n-butyllithium in 10 ml of a 1: 1 mixture of ether and THF was treated at -78°C with 500 mg (5 mmol) of methoxymethyl allenyl ether. After 30 minutes a solution of 84 mg (1 mmol) of 3-methyl-3-buten-2-one in 10 ml of ether -THF, 1: 1 was added via cannula to the rapidly stirring solution of the anion. After 5 minutes the reaction was quenched by addition of 5 ml of water. The mixture was partitioned between ether and water. The ethereal layer was washed with water and brine and was dried (MgSO,). Evaporation of the solvent followed by silica gel chromatography of the crude product (33 EtOAc/hexane) produced 162 mg of 3 (88 % yield) as an oil.
1H NMR (CDCI Methylenomycin B To a solution of 162 mg (1 mmol, 0.5 equiv) of anhydrous ferric chloride in 100 ml of dichloromethane at 0°C was added 400 mg (2 mmol, 1.0 equiv) of 2,3-dimethyl-3-hydroxy-4-methoxymethyl-1,4,5-hexatriene (3) in 10 ml of dichloromethane.
The reaction is rapid. After 5 minutes the reaction was quenched with satd aqueous sodium bicarbonate and the mixture was allowed to warm to room temperature. The reaction mixture was partitioned between dichloromethane and water. The organic layer was washed with satd aqueous sodium bicarbonate followed by water and brine. Drying (MgSO,) followed by evaporation of the solvent produced the crude product as an oil. Silica gel chromatography (25 % EtOAc/hexane) produced 117 mg methylenomycin B (48 % yield).
' 
General Procedure for the Synthesis of 4 -12 Nucleophilic Addition of a-Lithio-a-methoxymethylailene:
A solution of a 4 mmol of n-butyllithium in 6 ml of a 1: 1 mixture of ether and THF was treated at -78°C with 5 mmol of methoxymethylallenyl ether. Anion formation was presumed to be complete after 30-45 minutes. A solution of I mmol of the unsaturated ketone substrate* in 10 ml of ether/THF was added via cannula to the rapidly stirring lithioallene solution at -78°C.
The progress of the reaction was monitored by thin-layer chromatography.
After ca. 30 minutes the reaction was quenched by addition of 3 ml of water. Upon warming to room temperature the reaction mixture was partitioned between ether and water. The ethereal layer was washed with water and brine and was dried (MgSO,) and was concentrated to produce the adducts in 65-95Y. yield. Although the products of this reaction were stable to chromatography on silica gel, purification prior to cyclization was unnecessary.
Cationic Cyclization: To a solution of 1 mmol of allene adduct in 10' 15 ml of dichloromethane * The preparation of O-trimethylsilyl hydroxymethylene ketones which were used to prepare 4 , 5, 6, 7 and 11 has been described.-') Addition of thiophenol to a-hydroxymethylene-4-tert-butylcyclohexanone produced the substrate for 9. The aldol condensation product of benzaldehyde with cyclohexanone produced the substrate for 8. The amethylene ketones which were used for the synthesis of 10 and 12 were prepared from Eschenmoser's salt. 32, 33) at 0°C was added boron trifluoride etherate (1 ul/5 mg) dropwise with rapid stirring. The progress of the reaction was monitored by thin layer chromatography.
Upon completion (<10 minutes) the reaction was quenched with 5 % aqueous NaHCO3 and was allowed to warm to room temperature. Partitioning between dich]oromethane and water followed by drying (MgSO,) and concentration produced the crude products which were purified by flash chromatography (ethyl acetate -hexane). MIC's were determined visually after incubation at 37°C for 24 hours. The medium used for bacteria was heart infusion broth (Difco), pH 7.4, except in the case of Mycobacterium, which was tested using an identical medium supplemented with 6% glycerol. Yeasts were assayed using yeast nitrogen base (Difco), supplemented with 5 % dextrose (pH 7). The susceptibility of filamentous fungi was determined by the broth dilution method of SHADOMY & EsPINEL-INGROFF/ using potato dextrose broth (Difco) adjusted to pH 7.
Antitumor Activity In Vitro Human epidermoid carcinoma (KB) cells were cultured in the presence of various concentrations of antibiotic in Eagle's minimal essential medium supplemented with 10% calf serum and 50 pg/ml gentamicin sulfate. Cells were added to tubes to give an initial density of 2.5 x 104 cells/ml.30' Cultures were incubated at 37°C in an atmosphere of 5 % carbon dioxide in air. Cell cultures were observed daily for 3 days following inoculation. MIC values were determined by the criteria of morphology and density of cells relative to control cultures.
